Monitoring the Drying Process Using Multi-Temporal AVHRR Data in 1990, Huaihe River Basin, China by HIGUCHI, Atsushi et al.
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ABS TR ACT
Rec ent re 紀 ar Ches hav e sho Ⅵ1七hat the co mbin atio n ofspectralvege七ationindic 鰭(Ⅴ血)
with therm al infra red obser v atio n s may pr ovide a n eWectiv e m ethodfor p8r即 neteri2ing su rface
pr o ceses atlarge spatiaユsc ale s. h 七his study, w etcSted 8 hypoth6is thats eas o n alcha ngesin the
slope ofⅥ5 a nd su r払ce te mperatur eTB deriv ed frornthe s atelute r e mote se n s mg ax e B en Si七iv eto
drying pro c 岱S eS Ofs u rfac e m oistu re statuB･
Etlaihe R iv erBasin
,
which isthe study ar ea,is cbar 虻teriz ed by steep clim a･tologic algr adient
fro m so utheast･ to northw cst･ Ann ualpre cipit 由io nin t･he Study are ade cr 鵬 丘o m so utheastto
n o rthw est.
NO A A/A V E R R(A dv a n c ed Very EighR岱 01utio nRBdio m eter)GA C(GlobalAre aCov erage)
d.ata ov erthe study ar eafo rもhe co ntin u o u s8 0 days afterMeiyu (the n am e ofr ainy seaB O nfro m
Ju n eto July,in China)of1990w ere u s edto deriv eⅥ s aswellasT3 V alues, While m ete orolgical
data pr ovided by NOA AGD S(Glob al D ai1ySu m m ery)CD- ROM was used for a nalysis･
A氏er applyingradio m etric and geo m etric co rre ctio n, w e e v山 ahed七he slope a nd inter cept, i･
e. T8 V ers u sVIs relationships(Ts/V k). Res ults ofthis study are sum m arized a sfolo ws
Seas o n aユ chaJ)g窃 irl Slope a nd intercept deriv edfro mT& a nd V krelatio n s6o r 喝ric l^tt汀al
fields COr r elate w ellto th償 e Of8 nもec edentpr e cipitatio nindex(APT)･ More o Ⅵ訂, It w as Cle arthat
s eaB O nalcha ngesin TB V ers usVIs relatio n s wer e n ot o nly auected by se as on al chang色∋ Of la nd
s u r血c es m oisttlre Statl旭
,
but also sen sible to tlle effe ct ofirrigatiollpra Ctice･
I NT ROD U C TION
hter actio n sbetw eenthela ndsu rfac e a ndthe atm o sphere,
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bysu r鮎 e tn oistu r e statu s.
Re ce ntres ea rd1 塔 ha v eiJldic ated that the co mbin a.t,io n ofぎ20
Spectralvegeta.tio nin dice s(VIs)with ther m al infr 紅 ed obs er- ≡
v a･tio n Bis a n e鮎ctiv e method for pa ra m et rizlng S u rfac epro-
c e s s e s atl rge spatials cales･ Fig1 1 sho ws an e x a mple ofthes e
sttldies(Ne m ani and Ru n ning, 1989), Co n cept ofthese stud-
iesis based on Co ward et al･ (1985) sTggestio n･ Co w ard et
aL(1985)s ugge stedthe po ssibility ofuslngthe r ate ofdl a nge
iz) s u rfad= ete mper atu r ewith a m o u nt orv egetatiorl tO describe
su rfTa c e char a cteristics.
ln this study, w etested ahy pothesisthatseasonalcha nges
in the slope ofVIs and s u r払c ete mper atu1
.
e T3 derived &on一
the satellite r e mote sen slng are S e l]Sitive to drying proc ess of
su rfa c e m oistu r e statu s.
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F ig1 1 Relatio n b8七w e e rl S u r
-
fa c et色 m pe r attl r e a rid n o r m aレ
i21ed difFe r e n c ed v 喝 etatio zl王n
-
dex
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Eu aihe Riv erB
-
asin(EB B)lay the s o uth
of Yello w River andthe n orth of Ya ng2;i R ive r,
Chill a(Fig. 2). Catchm e ntar ea o柑 RB is260
× 103 km 2
,
a nd tw othird of ffR Bis o c cupied
by a v ast str etch ofa aa七 plain.
Clim ates of the study a rea dr asticaly
cha nge within catchrlent, So utheast of f王RB
isin subtr opicalclim ate, a nd a n n u alpreclpita -
t,io n ofI,his 8Jeais o ver 100 m rn . In c ontrast
n o rthw 巴;t Of HRB isin s emi- a rid clim ate
,
a Jld
an n u aユ pr ecipitatioll Ofthis ar e ais les s tha n
5 00m 皿(Fig･ 3)･
Yegetatio n andland us e ofthe study a re a ar egerleralユy clas si丘ed into tw o areas(Fig. 4), M ain
land c o v erin the study ar e ais cr opla nd(irrigated6eld or D o n-irrigated. 丘eld)in northw est. a nd
paddy丘eld in the s o utheast, althoughforests a r epr飴e ntirl-m o u ntain o u s ar ea. M ain v egetatio nis
wheat orbe an sin northw est
,
a nd. ricein southeast.
M ET H O DOIノOGY
Data s o u rce
ln this study, N OA All A V E R RGAC(GlobaユAr ea Cover喝e)data o v er ERE for co ntin u ou s
8 0 da･ys(fr o m198 DOY(DayOfthe Year)to 277 DOY)afterMeiyu of1990were u s ed.
Pr ecipitation I
.
e C O rds w ere u s ed fr o mN OA AGDS(GlobalDailySu m m ery)CD- ROM(NOA A,
1994), A m o ng 10 000sもatio n5, Sixty statio ns arelo cated within 王I R B.
R 且dio m e七ric c o rI･eCtio n
T he raw NOA A A V f[R Rdata ar e10-bitdata(fro m0to 1023c ou nTs). In orderto c o nv e rt
AVtlR R datainto I.adiarlCe(cha n nel1andch am 1 e2)orbrightrleSSte皿 pel･ature(charl n e13, charlr e1
4
,
a nd challl- e1 5),it is rl∝ eS S al
-
y tO apply the r adiollletric c ol
･r e Ctio n.
M ethod ofthe r adjolユー etric c o一-r e 'ttioTl
.
W a sfbllowed asKidw ell(1991)▲ M or eo v er, w e applied
calibr ation c o nsidetうrlg七】1 e S elュS O l
. degl
.
ad 山 o n(K a urm an and liolbe n, 1993)a nd s ola r z e nithangle
c o r r e ctio nfol･ Cha rln e1 1 a nd cha n nel 2.
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G e o m etric ?o r r ectio n
Geo metric c orre ctio nfor registeringtheim ages o n abaseim age ernployed distributed G CPs
(Gr o u nd Co ntrol Points)･ As the bas eim age, R EST EC(Rem oteSe nsing Teclmolog yCenter of
Japa n)NO AA A V王王RR MO SAICIM AGE o v el' Chin a whichincluded Ⅰ王R Bw as u sFd･ W e u sed
ne ar e st- n eighbor m ethod a sillterpOlatio n m ef･hod, which interpolates nearest obs er v atio npoint to
interpolation point.
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After applying radio m etric cor r e ctio n andge o m etric c orrectio n, v egetatio nindices(Ⅵs)w er e
evaluated.
N D V I(N or m aliz ed DiH e rence VegetationInde x) - 慧 諾 (1)
SAV I(Soil - Adju sted Ve9e払tio n ln 血) - 蕊 (1･Ls) (Hu ete, 1988) (2)
M S A V I(A Modified Soil - A dju sted Ve9elatio nIndex) - 諾 洗 (1･L-) (3)
｢Qi et all , )994)
L
8 ;S oiladjtl BtrrlC nt fa cto r(La = 0.5)
Lm ;8 0iladju strllent fa cto r(Lm - 1 - 27N D V (x W D V Z)
7 1 ;prim a ry soil l ine pa ra l.eter(7 ≡ 1･0 6)
W D V I iW eighted Diffe r e n ceVegetatio nInde x(W D V I- pEh . 2 - 7 Pch. i)
Sul'faL:ete mper atu L
･
e TB for e ach pix el w as estim ated. u sing split- windo w もech iqu es. Spli七-
windo wteclm iqu e w as origin auydev elopedto estim ate sea s u rface tem peratur e(SST)byMcM illin
a nd Crosby(1984)asfollo w s;
SST = 3･175 ＋O142 9 T3 ＋2･898 T4 - 2･139T5 (M c Millin a nd Crbsby, 1984) (4)
Antecederltpr ecipitatioヮinde x(A PT)asanindex ofs u r鮎 e 皿 Oisture statusbythe algorithm
ofCho udhury et aL.(1987) w a s estim ated B10 m pre cipitation a nd te mperatur edata within NOA A
GDS, aBfolo w s;
AP3
･
＋1 ≡ K3
･(A P I3･ ＋ Pal) (5)
P3
･
;t Otaユr ainfa11onday 3
'
A PI
2
･
;the s oilw etn es(rn a ofw 8▲ter a V ailble for e vapor atio n)o nday 3
1
K
3
･
;s oilw ater reces sio n co e凪cie nt o nday 3
'
K
3
1
＋1 - e2
･
PトE31/W m)
E3･ ; potentiale v apo ratio l(1ruT1)on day3
L
W m ;m 批imu m depth ofs oil w ateravailable fo re va.po r ation(15m ln)
(6)
Accordingto tl- e algorith=Tlby Ne rrla ni et aL,(1993), sc atterplots of TB and VIs are cre atedin
10x 10pix els windo w r egio n(about 40 × 40 km2), a nd the slope alld illter C ept Orup perenv elope
a r e e xtr acted a uto m atically.
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R ESULT S A N D DIS CUSSIO N
Re spon s e Of diffe r e血 VIs 董c. A
Fig. 5 sho w s aco m｡a ris . nbetwee ndif-喜
fer ent Ⅵ 5(N DVI, SA Vla nd MS AVl)v 山 es･
Acc ording to Qi et aL. (1994), MSA VI show o. ∞
the den sity of vegetatio n. W hen MSA VI v aト
u es ar e clo seto SA Vl, den sity of v egetation
is interm ediat.e. M SA V Ivalu esin ERB are o. ･o
si mi lartO SA V I(MSA VI≡ 0.8751 23SA Vl-
0.003 00534)(s ee Fig. 5(c)). Vegetatio llOv er3
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ethel･ SA Ⅵ o rMSA VI(see Fig. 5(a)a nd(b),望
respectiv ely), Itindic atesthat N DV I is aE-
fected bys oilr e丑ectan ce n oise. O･ 00
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Fig･ 5 Co mpe ris o n
betw e e ndiLfe r e ∫1t. V Is
v 8111 e S
(a)betw e e nN D VI
& nd SA Ⅵ
(b)betw e e nN D VI
a nd MS A VI
(e)betw e e nS A VI
a nd M S A V I
Relatio n ship betw e e nTs a nd V Is r elatio n s a nd Ant･ecede nt
Pre cipitatio n h de x(A PI)for diffe r e nt la nd u s es
lftileland. su rfacesar e w ettedby r ai11fal1, lTlu Ch ofthe abso rbed sho rt r adiatio n e n ergyis
c o ns u m ed in evapor a.Lio n(latenも he atflu x)a nd Ta v alu esw o uldshow n odiffere n ceb tw een soils
andle av es
,
resul血g w eal” r Ilo r elatio nships betw ee nT8 a nd Ⅵs- Inversely,ifthela nd su rfa Le5
a rebeing dry, steep relatiollin TJⅥsbec a u seofcha ngesin the partitio ning ofenergybetw ee n
se n sil〕le a nd late nthe atau xes. Ar ethese ass u mptio n s c on8rm edin this study are a?
Fig. 6show sthetim e series ofslope v alu eiuld-API in selected GDSsta七ion sI Cl 血ate c o nditio n
in thes eqDS statio n s changes丘
.
o m s emi- ari dto stlbtr opical, fr o mFig･ 6(a)to(a)A Du ring the
M eiyu period, the slope values ar e r elatively s mal l in e a ch statio n･ In the rainle ss period after
M eiyu betw e en DOY 230 and DOY 25O, the slope gr adu ally bec o m esste ep(large min us v alu e)･
T his change C an be r egarded a sthedrying pro ces s ofgro u nd s urfac e･ Be c臥1 S eins olation is stro ng
at the periodjust aLtel･ the Meiyu, s ever al n o r ai nyd-ays a re e n o ugh七o s uppl
'
e S Ssoile v apo ratio n･
Do min ated tr an spir atio n a nd sup pr ess ed s oile vapor atio n make the slope in TB/V Ir elatio n ship
steep･
Fig, 7 sho ws th巳 Spatiala nd te mpo ralchanges ofthe slope v alu esin sele cted DOYs･ Light
c olor sho ws the dry c o nditiorl, 之uld til e bla ck(zer oillte nSity) 皿 earl Sthe s ea, clo udy c onditio n,
o r o ut of im?e･ エl- the rain period o nDOγ 212(30 Jut.)･ slope distributio n show sthat mi ddle
oft.he basin lSin w et c o nditio n. ln the we steL. n a nd s o uther npart ofthe basin, slopeindicates
the r elativelydl
L
y C O nditio n. OILD O Y24 0(
'29 Aug.), thereis a w estw al･d tr endfr o m w et to dry
c o nditio nin the slope distributio n･ T his slope distributio n show sthat the n orthern edge ofthe
basirlisin w et c o Dditiol1･ It m ay be attri buted to theirl
･
1gatio npr actic e, beca use l
･ainfaJl do n oも
oc c u rthis region froITl10 days befor e･ T he ge n eralもre nd isfro m wet corlditio n ine aster n 1
'eglO n
to dry c orlditio nin w estern l
･
eg10rl, Which is c o mpa･tible a n n ualpr ecipitatio ndistribution r eferr ed
in Fig1 3･ It oGersthe evi den cethat spatiaユa nd te mporalslope v aluesin TJV Is r elatio n ships c an
ap ply to the
”
u s eful indic ator” rrl O nitorirlgdryirlg pr o ces s Ofs ul
･face m oistu r estatus ･
C ONCI+U SION
This studytested ahypothesis thats eas o nalcha ngesin the slope oi
l
VIs a nd T
B
derived fro m
the s atellite r e m ote s ellSl ng are Sen sible to drying pro c essofsurface m oistuL
.e Status. T he tim e
series ofthe slope valu esin T8/VIs relatio nships w er e w el c oTl.eSpO ndedto the A PIas a nindic ator
ofs urfac edryll eSS. 1もindic ated the u seEl 血ess of Ts/V IE relatio n ships to e stim ate s urfaL: e moisture
statu so rto zn o nitor drying pro c ess,
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